ABSTRACT Botanical insecticides offer novel chemistries and actions that may provide effective mosquito control. Toosendanin (TSN, 95% purity) is one such insecticide used to control crop pests in China, and in this study, it was evaluated for lethal and sublethal effects on larvae and females of the yellowfever mosquito, Aedes aegypti (L.). TSN was very toxic to Þrst instar larvae after a 24 h exposure (LC 50 ϭ 60.8 g/ml) and to adult females up to 96 h after topical treatment (LD 50 ϭ 4.3 g/female) or ingestion in a sugar bait (LC 50 ϭ 1.02 g/l). Treatment of Þrst instars for 24 h with a range of sublethal doses (6.3Ð25 g/ml) delayed development to pupae by 1 to 2 d. Egg production and larval hatching from eggs were dose dependently reduced (Ͼ45%) by TSN doses (1.25Ð10.0 g) topically applied to females 24 h before or 1 h after a bloodmeal. Ingestion of TSN (0.031Ð 0.25 g/l of sugar bait) by females 24 h before a bloodmeal also greatly reduced egg production and larval hatch; no eggs were oviposited by females ingesting the highest dose. Further studies revealed that topical or ingested TSN dose-dependently disrupted yolk deposition in oocytes, blood ingestion and digestion, and ovary ecdysteroid production in blood-fed females. Overall, our results indicate that TSN is an effective insecticide for Ae. aegypti larvae and adults, because of its overt toxicity at high doses and disruption of development and reproduction at sublethal doses. 
malathion sprays, lessens the effectiveness of mosquito control programs (Ranson et al. 2011 , The mal-ERA Consultative Group on Vector Control 2011). Furthermore, such insecticides are often regarded by the public as unnatural and hence harmful at any dose, whereas chemicals originating from plants are perceived as natural. SpeciÞc parts or extracts of a great variety of plants are known to possess mosquitocidal activities, and a great variety of mosquitocidal molecules have been isolated and identiÞed (reviewed by Mulla and Su 1999 , Shaalan et al. 2005 , Govindarajan et al. 2011 , Pohlit et al. 2011 .
Plant-derived chemicals used to control agricultural insect pests may be similarly effective on mosquitoes. Toosendanin (TSN; C 30 H 38 O 11 ; FW ϭ 574) is one such insecticide that was isolated from the bark of the chinaberry tree ("Chuan-Lian-Zi" in Chinese), Melia toosendan Siebold and Zuccarini, a species of ßower-ing tree in the mahogany family, Meliaceae (Shu and Liang 1980) . Bark extracts were used as a digestive system parasiticide and insecticide in China for more than 2,000 yr (Shi and Li 2007) . Later studies showed that TSN was a potent insecticide and inhibitor of feeding and growth by lepidopteran larvae (Liao and Liu 1986 , Shi et al. 1986 , Chiu and Zhang 1987 , Chiu 1989 , Zhang et al. 1992 , Schoonhoven and Lin-er 1994 , Xie et al. 1995 , Cé spedes et al. 2000 , Koul et al. 2002 , Carpinella et al. 2003 , Akhtar and Isman 2003 , Liu et al. 2011 . Because of these properties and low toxicity on nontarget environmental organisms (Zhang et al. 2007) , TSN is commercially produced as a biorational insecticide for the control of lepidopteran crop pests in China. Herein, we assess whether application or ingestion of TSN has toxic and sublethal effects on the development and reproduction of the yellowfever mosquito, Aedes aegypti (L.).
Materials and Methods
Chemicals. TSN (95% purity; Biorational Pesticide Research and Development Center, Northwest Agricultural and Forestry University, Yangling, China) is readily solubilized and bioactive in ethanol (Chiu and Zhang 1987) , so it was prepared as a 0.04 g/ml stock in 200 proof ethanol (Decon Labs, Inc., King of Prussia, PA) and stored at Ϫ20ЊC. Before treatment, an aliquot of the stock solution was diluted with ethanol to obtain the desired doses.
Mosquitoes. The UGAL strain of Ae. aegypti was reared on a standard feeding regimen (Telang et al. 2007 ) and maintained at 26 Ð28ЊC, a photoperiod of 16:8 (L:D) h. Adults had access to water continuously or 10% sucrose solution only on day 2 postemergence. Females (3Ð5 d old) were given access to an anesthetized rat for Ϸ20 min for blood feeding, and only those with bloodmeal-extended abdomens were used for experiments.
Larvicidal Assay. Eggs were hatched in water, and 10, 6 h old Þrst instar larvae were transferred to wells containing 1 ml of water and 2 mg of food in a 24 well polystyrene plate. For each experiment, 10 larvae/ well in triplicate were treated with a TSN dose (added in 5 l of ethanol), and control wells received 5 l of ethanol alone. Larvae in the wells were maintained as above, and at 24 h posttreatment, the number of dead larvae in each well was recorded.
Larval Development Assay. First instar larvae were set up as above with TSN doses, and at 24 h posttreatment, each live larva was transferred to a well with 1 ml water and 2 mg food. The developmental progress of treated larvae until adult emergence was observed and recorded each day. After day 2 or 3, 2 mg of food was added as needed to maintain optimal feeding without polluting the well. The experiment was repeated three times with each dose, 24 larvae per replicate (sex not determined).
Topical Application on Females. Nonblood fed females were anesthetized in cages held on ice, and a TSN dose was applied in 0.5 l ethanol along the abdomen of each female with a needle syringe (10 l volume) attached to a microsyringe pump (UltraMicroPump two and SYS-Micro4 controller, World Precision Instruments, Sarasota, FL). For each dose, 30 females were treated and then 10 were placed in a small round Plexiglas cage (3 cm diameter and height) open on the bottom and a screen on top. A watersaturated cotton roll was held on the top screen and a Þlter paper pad in the bottom plastic lid with a rubber band. Caged females were then placed in a large plastic box with a slightly damp paper towel and held as above. Mortality was recorded at 24, 48, and 72 h posttreatment.
Blood fed females (5 d old) were treated topically 1 h postbloodmeal (PBM) with TSN as above (30/ dose). At 24 h PBM, tissues were dissected from females for the following observations or assays. Yolk deposition was measured along the anterior-posterior axis of 10 oocytes/ovary pair, and ovaries were incubated for ecdysteroid production (see below). Midguts were assayed for serine protease activity (see below).
Oral Ingestion by Females. Females (starved for 24 h, 5 d old) were placed in cages (10/cage), and then a 5 mm long cotton wick was placed on top of the cage, after it was saturated with 200 l of 10% sucrose containing a TSN dose, delivered in 10 l of ethanol (triplicate sets/dose). After 2 h, the wicks were removed, and females with distended abdomens (indicating ingestion of a sugar meal) were transferred to a cage (10/cage) and held as above. Mortality was recorded at 48, 72, and 96 h after treatment.
In a different experiment, females that had ingested TSN a day earlier were given access to an anesthetized rat for blood feeding. Females that took a bloodmeal were grouped in cages as above, and at 24 h PBM, tissues were dissected for observations or assays as described.
Fertility and Fecundity Assays. Females given TSN by topical application or oral ingestion were held in cages, as above, and 24 h later allowed to feed on an anesthetized rat. Mortality was recorded at 24 h, and at 48 h PBM. At 48 h PBM, females were placed individually into cages with moistened Þlter paper for oviposition. The number of deposited eggs/female (fertility) was recorded at 96 h PBM. After 1 wk of drying and completion of embryogenesis, the paper with eggs from each female was placed in water, and after 24 h, the number of hatched larvae was counted (fecundity). Data are summarized for three different cohorts of females treated with the full dose range of TSN.
Midgut Serine Protease Assay. All chemicals were obtained from SigmaÐAldrich, St. Louis, MO (catalog number given for speciÞc reagents). Midguts (two per sample) from TSN-treated and control, blood fed females were transferred to 200 l of 20 mM Tris (pH 8.0 with 20 mM CaCl 2 ), sonicated, and centrifuged (14,000 ϫ g for 2 min). Supernatants were frozen (Ϫ80ЊC), and aliquots (0.05 midgut equivalent) were added to 200 l of 4 mM Na benzoyl-L-arginine-pnitroanilide (BApNA, B3133) for 10 min followed by measurement of absorbance (405 nm, Biotek Quant microplate reader, Winooski, VT). Enzyme activity was calculated from a regression line formula based on a range of trypsin standards (T1426). Each treatment was replicated six times.
Ovary Ecdysteroid Production. Ovaries (two pairs/60 l buffered saline in a polypropylene cap) from treated blood-fed females (six samples/dose/ triplicate experiments) were incubated for 6 h at 27ЊC. Medium (50 l/sample) was collected, and ecdysteroids quantiÞed by radioimmunoassay ( 3 H-␣-ecdysone, PerkinElmer, Waltham, MA; ␣-ecdysone rabbit antisera donated by J. C. Delbecque, Université de Bordeaux1, France) (Brown et al. 1998 , GuliaÐNuss et al. 2011 . To determine effects of TSN in vitro, ovaries from nontreated, blood fed females (24 h PBM) were incubated with a range of TSN doses as above (three samples/dose/duplicate experiments).
Vitellogenin Immunoblots. Fat body/abdominal walls of treated females were dissected in saline and placed in sample buffer (two walls/200 l with three parts protease inhibitor cocktail 1ϫ solution (cOmplete, Roche Applied Science, Indianapolis, IN) and one part, 4ϫ sample buffer. After extraction, denaturation (90ЊC, 5 min), and centrifugation (14,000 ϫ g, 2 min), samples (1/10th wall/10 l per lane) were run on 4 Ð20% SDS-PAGE gels (Criterion, Bio-Rad, Hercules, CA) transferred to nitrocellulose membrane (Protran 0.2 mm, GE Healthcare Life Sciences, Piscataway, NJ), and incubated overnight with rabbit antiserum to Ae. aegypti vitellogenin (R2,1; 1:100,000) (GuliaÐNuss et al. 2011) . Labeled proteins were visualized with a peroxidase-conjugated goat anti-rabbit secondary antibody (A6667, SigmaÐAldrich) and chemiluminescent substrate (ECL Advance kit, GE Healthcare Life Sciences).
Data Analysis. All analyses but one were conducted with the GraphPad Prism 5.0 software package (GraphPad 2007) for the StudentÐNewmanÐKeuls test (P Ͻ 0.05; treatments compared by dose to the control) or the one-way analysis of variance (ANOVA) followed by Tukey multiple comparison procedure (␣ ϭ 0.05) to analyze ecdysteroid production by isolated ovaries from treated females. SAS 9.2 software (SAS Institute 2010) was used for probit analysis, after correction by AbbottÕs formula (Abbott 1925) , to calculate the median concentration (LC 50 ) of TSN for toxicity when ingested by larvae or females or median dose (LD 50 ) when topically applied to females.
Results
Larvicidal and Developmental Effects. We Þrst tested TSN on Þrst instar larvae to determine toxicity after a 24 h exposure in water. As shown in Table 1 , the highest concentration tested, 200 g/ml, resulted in 85% mortality, and probit analysis of the data gave a LC 50 value of 60.8 g/ml. This information was used to set a sublethal dose range to determine whether exposure of Þrst instar larvae for 24 h affected development. The three highest sublethal doses signiÞ-cantly increased the duration of the Þrst instar from 1 to 2 d, and mortality was Ͻ20% for this stage (Table 2 ). There was no signiÞcant effect on the duration of the other instars and pupal stage, but the total develop- a Mean days Ϯ SE represents means of three experiments, each with 16 Þrst instar larvae treated for 24 h then each transferred to a single well for development. Means followed by different letters within a column are signiÞcantly different in a StudentÐNewmanÐKeuls test at P Ͻ0.05 (treatments compared by dose to control for each instar).
b Mean % mortality Ϯ SE for the three experiments.
mental period from Þrst instar to end of the pupal stage (adult eclosion) was signiÞcantly increased. Adulticidal Activity by Topical Application. We next determined whether TSN was toxic to nonblood fed female mosquitoes after topical application. As shown in Table 3 , the highest dose tested, 20 g/ female, resulted in Ͼ85% mortality after 96 h, and probit analysis of the dose/mortality data gave LD 50 values of 14.1 g/female at 72 h and 4.3 g/female at 96 h.
Effects on Fertility and Fecundity by Topical Application. Based on the above information, a sublethal range of TSN doses was topically applied to females before and after a bloodmeal to determine effects on female mortality, fertility, and fecundity. When applied 24 h before a bloodmeal, the two highest TSN doses (2.5 or 5 g) interfered with the ability of females to take a bloodmeal, but lower doses had no effect (Table 4 ; 40 Ð50% of the females treated with the highest doses blood-fed vs. 70 Ð90% of those treated with the lower doses). After blood ingestion, treated females matured and deposited eggs by 5 d PBM (120 h; Table 4 ). On this day, mortality (30%) was observed for females treated with the highest TSN dose, but it was Ͻ10% for those treated with the lower doses (Table 4 ). There was no signiÞcant difference in fertility of females treated over the TSN dose range, but their fecundity was reduced 40 Ð 60% over the TSN dose range (Table 4) . Typically, laboratory-reared females mate within 2 d postemergence, so application of TSN to older females would not affect their mated status.
When applied after a bloodmeal, the two highest TSN doses caused the greatest mortality after 96 h PBM (5 and 10 g, 57 and 77% mortality, respectively), and for the lower doses, mortality was Ͻ30% by this time (Table 5) . Fertility of TSN treated females was signiÞcantly reduced by the 5 g dose and essentially blocked by the 10 g dose in comparison to that of control females and ones treated with the lower doses ( Table 5 ). The fecundity of females treated with the 1.25Ð5 g doses was signiÞcantly reduced from 50 to 30% in comparison to that (88%) of control females (Table 5) . No larvae hatched from the few eggs laid by females treated with the 10 g dose.
Adulticidal Activity by Ingestion. Females in the wild ingest plant nectar or in the laboratory, a sugar solution (up to 4 l). Sugar meals are stored in the crop and slowly digested for ßight energy and survival. In preliminary tests, we found that females readily ingested a 10% sucrose solution with TSN doses over a range of 2.5Ð 40 g/l, but all died within 96 h. A lower range of TSN doses in sugar solution was provided to females, and ingestion of a single meal with the highest dose (2.0 g/l) resulted in 67% mortality after 96 h, whereas lower doses resulted in progressively less mortality (Table 6 ). Probit analysis of the dose/response data gave LC 50 values of 1.02 g/l ingested by a female after 96 h.
Effects on Fertility and Fecundity by Ingestion. Based on this information, we provided females with a range of even lower TSN doses in sugar solution and, 24 h later, access to an anesthetized rat for blood feeding. This range of TSN did not deter sugar ingestion, but the ability of females to blood feed was reduced by higher TSN doses (Table 7) . The doseÐ response effect of ingested TSN persisted after blood feeding, as shown by increased female mortality and reduced fertility and fecundity (Table 7) . Notably, females ingesting the three highest doses had the greatest mortality (47Ð78%) by 120 h PBM in comparison to control females. Egg production by females treated with these doses was signiÞcantly reduced and even blocked by the highest dose, and no larvae hatched from these eggs (Table 7) .
Effects on Yolk Protein Secretion, Blood Digestion, and Ovary Ecdysteroid Production. Given the inhibition of egg maturation by sublethal TSN treatment or ingestion, we next asked if it selectively affects key processes induced within the Þrst 24 h after a bloodmeal. Secretion of vitellogenin (Vg) and other yolk proteins is activated in the fat body, so that the proteins can be stored in the primary oocytes that mature into eggs. Production of yolk proteins requires amino acids digested from the bloodmeal by serine proteases (late trypsin-like proteases) released into the midgut lumen and ecdysteroid hormone (ECD) secreted from the ovaries. These processes are activated by neuropeptides released from the brain in response to blood ingestion, and ECD, as well, promotes yolk protein production (GuliaÐNuss et al. 2011) . b Mean no. of eggs Ϯ SE deposited by treated blood fed females (N). c Mean % of Þrst instars Ϯ SE hatching from eggs deposited by treated blood fed females.
Means followed by a different letter within a column are signiÞ-cantly different in a StudentÐNewmanÐKeuls test at P Ͻ0.05 (treatments are compared by dose to control).
As shown in Figs. 1 and 2 , Vg production by fat body (A), yolk deposition in oocytes (B), serine protease activity in midgut (C), and ovary ECD production (D) were induced to expected levels in control females by 24 h PBM. TSN applied at 1 h PBM inhibited each of the processes in a dose-responsive manner (2.5Ð10 g/female; Fig. 1AÐD ). The same doses applied similarly caused no or minimal mortality (Ͻ12%) by 24 h PBM in a previous experiment (Table 5 ). Ingestion of TSN over a much lower dose range (0.016 Ð 0.063 g/ l) 24 h before blood feeding also inhibited each of the processes by 24 h PBM (Fig.  2AÐD) . The ingested doses are 150-fold lower than the ones topically applied 1 h PBM and caused minimal mortality (Ͻ14%) up to 48 h PBM (Table 7) . We also noticed that the bloodmeal was undigested (bright red vs. blackish red after 12Ð24 h) and abnormally distributed in the abdomen of females ingesting the highest doses. Dissection revealed that the bloodmeal was stored in the crop and not in the posterior midgut, where blood is normally stored and digested in female mosquitoes (Fig. 3) . This defect was evident in 90% of the females ingesting the highest TSN dose, and over time, blood leaked out of the crop and likely caused increased mortality (Tables 6 and 7) . In blood-fed females that ingested lower TSN doses, blood was usually stored in the midgut, but the degree of blood digestion, as evident by the color and its patchiness, was often aberrant in comparison to that observed in the midgut of control blood fed females.
We next tested whether TSN directly interfered with blood digestion and ecdysteroid hormone production in vitro. TSN was added to extracts prepared from midguts at 24 PBM (as above), and no amount, over a range similar to and higher than the amounts ingested, inhibited serine protease activity (data not shown). When added to ovaries at the peak of ecdysteroid production (24 h PBM), it dose dependently inhibited this process, as did amounts higher than shown (Fig. 4) . Notably, the same range of doses when topically applied to females before or after a bloodmeal, disrupted fertility and fecundity (Tables  4 and 5 ).
Discussion
The most signiÞcant results of our study show that the botanical triterpenoid, TSN, is a persistent and potent inhibitor of egg maturation, when applied to or ingested as a single dose by female Ae. aegypti 24 h before blood feeding. Further investigation revealed that TSN, when applied 1 h after blood feeding or ingested 24 h earlier, inhibited key processes in the fat body, midgut, and ovaries induced by blood ingestion and required for egg maturation. This effect was produced by a narrow range of doses speciÞc to each treatment (2.5Ð10.0 g applied/female or 0.016 Ð 0.063 g/l ingested/female; Figs. 1 and 2) and evident by 24 h PBM. The full stimulation of the three tissues in blood-fed females is dependent on the release of at least two neuropeptides, ovary ecdysteroidogenic hormone and an insulin-like peptide, from brain neurosecretory cells that occurs over few hours after blood ingestion (Brown et al. 1998 , GuliaÐNuss et al. 2011 ). TSN appears to directly interfere with the ability of the central nervous system to respond to blood ingestion and release the neuropeptides, thus explaining the organism-wide inhibition of processes required for egg maturation.
Additional support for this hypothesis came from observation that blood was stored in the crop and not the midgut of females that had ingested the highest TSN doses 24 h earlier. The routing of a sugar meal into the crop or blood into the midgut is dependent on neural regulation of speciÞc muscle sphincters in the foregut (Clements 1992 ). In the midgut, blood is digested by serine proteases into amino acids that pass into the hemolymph and are taken up by the fat body for yolk synthesis. In the crop, however, blood would not be digested, so no egg maturation, as reported in Table 7 . This result suggests that TSN directly affected the brain and associated stomatogastric nervous system, which failed to open the foregut path to the midgut during blood feeding. This same outcome was recently reported as an effect of RNA interference in the expression of a speciÞc microRNA, miRNA-275, in female Ae. aegypti (Bryant and Raikhel 2010) . The molecular mechanisms underlying miRNA-275 interference and TSN intoxication likely are different, but oddly both disrupt neural control of the muscle sphincters along the foregut.
We also found that TSN had signiÞcant insecticidal activity on Þrst instar larvae after a 24 h exposure (Table 1 ; LC 50 ϭ 60.8 g/ml) and nonblood fed females after a 96 h exposure (Table 3 , topical LD 50 ϭ 4.3 g or Table 6 , ingestion LC 50 ϭ 1.02 g/l). Thus, TSN is toxic to different life stages of this species, allowing for more ßexibility in its application. The speciÞc mode of action of TSN is not known for insects, but several studies of pest insects have reported that TSN treatment is toxic at high doses and, at lower doses, produces a wide range of toxic, physiological, and behavioral effects (see Introduction for references). Different bioactivities and the pharmacology of TSN are characterized for mammalian systems (Shi and Li 2007) . As a cell permeable agent, it blocks synaptic transmission within the nervous system and at the neuro-muscular junction by interfering with K ϩ channels and increasing cellular Ca 2 ßuxes, and induces apoptosis, proliferation, or differentiation in different mammalian cell cultures. More than likely these neurotoxic actions may explain the sublethal and insecticidal effects of TSN reported for Ae. aegypti larvae and nonblood fed females. Interestingly, the toxic effects of TSN manifested in females within 24 h PBM, because there is a rapid, complex neuroendocrine upregulation of digestive and reproductive processes, but took up to 96 h posttreatment in nonblood fed females. This long-term effect suggests a cumulative disruption of neural signaling that regulates behavioral and physiological processes required for survival of nonblood fed females and even larval development. Thus, TSN appears to have a similar neurotoxic mode of action in larvae and both non-and blood-fed females, but its direct inhibition of ECD production by ovaries taken from blood-fed females (Fig. 3) suggests other direct effects on cellular processes. Many synthetic insecticides are similarly neurotoxic, but their effects on larvae and adults are evident at parts per billion (e.g., Gó mez et al. 2011) in contrast to TSN, for example, 60.9 ppm for larvae (Table 1) . However, their extensive use has contributed to the rise of resistance in mosquito populations around the world (The malERA Consultative Group on Vector Control 2011). Commercial formulations of TSN are used to control insect pests of specialty crops in China, and they could be readily adapted to provide a potent biorational alternative to synthetic insecticides currently used to control larvae or adult mosquitoes.
Alternative sources of insecticidal molecules have long been sought, so crude extracts from different plant species have been tested on mosquito larvae and adults (Shaalan et al. 2005 , Pohlit et al. 2011 , Govindarajan et al. 2011 . Over the past 30 yr, many studies showed that highly puriÞed phytochemicals, such as azadirachtin, and extracts of plants related to the Chinaberry tree (Melia toosendan, a primary source of TSN), Indian lilac (Melia azedarch L.), and the Neem tree (Azadirachta indica A. Juss), have a range of toxic and biological effects on the larvae and adults of Aedes, Anopheles, and Culex spp. (review by Mulla and Su 1999 , Wandscheer et al. 2004 , Coria et al. 2008 , Shanmugasundaram et al. 2008 , Trudel and Bomblies 2011 and block malaria transmission (Lucantoni et al. 2010) . Of particular relevance, azadirachtin and neem extract when ingested in blood or sugar solution blocked egg maturation in female Ae. aegypti (Ludlum and Sieber 1988) and An. stephensi Liston (Lucantoni et al. 2006) , leading the authors to conclude that the active molecule(s) interfered with its hormonal activation, as we inferred for TSN. It is not known whether TSN is a component of extracts from related Meliacea species, and a common limitation of such studies is that the activity of an extract is not compared with that of a pure phytochemical, such as the TSN used in this study, to establish a standard for evaluating efÞcacy. Nevertheless, the processing and use of native plants for the control of vector arthropods has recognized advantages, including identiÞcation and application of speciÞc molecules or highly enriched extracts that have a novel mode of action, thus allaying resistance, and greater acceptance by targeted communities (Trudel and Bomblies 2011) .
The development of TSN and other plant-derived insecticides for control of other mosquito species will require evaluation in larger laboratory and Þeld settings. A novel treatment used in our study was the addition of TSN to a sugar bait. Over a wide dose range, it was readily ingested by females and had surprisingly toxic and sublethal effects on blood feed- ing behavior and physiological processes required for egg maturation (Tables 6 and 7 ; Figs. 1 and 2 ). Attractive toxic sugar bait is a new and successful strategy for the control of different mosquito species in Þeld environments (Mü ller et al. 2010 a,b) . Boric acid or synthetic insecticides are used as toxins in the baits (Ali et al. 2006 , Shin et al. 2011 , and our results indicate that TSN may be a suitable toxin in such baits, for the reasons discussed above. Overall, TSN meets the expectations for new mosquitocides set by several groups focusing on vector control as a component of infectious disease reduction or eradication, for example, The malERA Consultative Group on Vector Control (2011), and its commercial availability is a great advantage for its continued evaluation. . Toosendanin inhibits ecdysteroid hormone (ECD) production by ovaries isolated from blood-fed female Ae. aegypti (L.). Ovaries (two pairs/ 60 l saline) from females at 24 h postbloodmeal (peak production) were incubated for 6 h with toosendanin (2.5Ð10 g/sample). Different letters above bars indicate means (ϮSE) that significantly differ (one way ANOVA followed by Tukey multiple comparison procedure; ␣ ϭ 0.05).
